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PUSH-OUT TESTS FOR PARTLULY ENCASED BEA.MS AT 
ELEVATED TEMPERATVRE 

P'l P A G I' Ra G :".. " B' M' ; . L ' 4 Iota .. "'-. . ; mas aylliU.L _"- . : 1 esqrnta. LM.R. : Barre1r.l. U15a 

1 Poly. Inst. of Bragan, a, Campll;, S. Apolonia, 5301 Bragan~a, PortugaL ppilotorGJipb.pt 
'Uni\'. ofSalamanea. Avda. Cardenal Cisneros, 34, 49022 Zamora. Spain. aramosOVusaLes 
l Poly. Insr. ofBragan,a. eampm S. Apolonia. 5301 Bragan,a, Portugal. Imesguita@ipb.pt 
4 Poly. Insr. of Braganr;a, CampllS S. Apolonia, 5301 Braganr;a, PormgaL IbarreirarGJipb.pt 

Keywords: Elevated temperatures. bond sIrength, pariially encased beams. 

LXTL'IDED ABSTRACT 

Partially encased beam is a steel-concrete composite siIUCture, made-up wiill a hal rolled 
profile and filled with concrete benveen flange;,. Such sIrllchlfal eiemem improves load­
bearing capacity at elevated temperattIres. 

Bond SIress is ille key parameter ro determine the S1rength 1iroit state in splitting comact, being 
represented by the shear SIress at steel-concrete interface. which enables both materials to gel 
composite mechanical action, see figure 1. 

Figtlfe 1 - Model for partially encased beam at elevated temperarure. 

Tltis work presents an experinlental method for testing bond clLlfacteristics for partially 
encased beams at elevated temperamre (400 ['C]). which will be ltseful for the numerical 
modelling of contact. Contact may be represented by 11011 linear fioite spring element 
introducing force yersus relati"e c1isplacemem berween both materials. u.,illg geometnc and 
lllarenainou linear analysis_ 
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The experimental principle is based on axially load concrete blocks by mea1lS of a hydraulic 
jack, at high temperatme level measuring the rel.nye displacement of concrete, determining 
elle load histogram. A set of three lests were carried am for partially encased beams witham 
welded stirrups. 

Specimens were heated at constant heating rate of 400 [OOh], by means of electro - ceramic 
resistances. using 70 [kVA] heating power unit. as represemed in figure 2. Thenuocouples 
(~pe K) were used to control heating source and to record temperalure inside eight speciiic 
point, over each partially encased beam (four welded on 'teel beam and four plated connected 
to concrete, see figure 3). 

E:'I"';mr:utal tnt c) Testiug model 
Figure ~ - E.:perimemal set-up for push Ollt tests at elevated temperature. 
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Figure 3 - Thermocouple po,inon on each tested partIally encased bearlL 

E\'ery material was characterized accorchug to natIOnal srandards [1.2]. Hot rolled profile S275. 
with 500 [1\IPa] Yield stress auello1\' strengrh re1l1forced concrete eLY!5. with 0=8 [mlll] B500 
bars with rib,. StirruPI are mac", of cold fanned sloel with 4 [Illlll] diameter plain bars Wilh -:00 
[lvJPa] )~e1d sire",. lee figure 1. 
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Steel .urface roughness characterization was determined according to ISO st:lndards [3]. 
Roughness was Illeasured over 18 evaluation lengths for each beam. producing an average 
rouglUless of3.12 U-IUl]. 

After temperamre is stabilized imide beam cross sec lion. an axial load was introduced and 
incremellted in several steps up to the ultimate limit state of coucrete blocks (large longimdinnl 
displacement wirh local concrete failure), see figure 4. 

All recorded temperamres presenr values benveeu 350 ['C] and 400 ['C] , being the steel­
concrere imerface controlled with Ihemlocouples WTS2, PTC2 and PTC3. 

test. 
Figure 4 - Pnsh ou! tesIS for partiall)' encased beams at 400 ['C]. 

Figure 5 represents the experimental results for alltheee beams. using natural adherence al high 
Iemperarure. Displacement wa.' measured by means of wire porenriometer sensor anached to 
the COllcrele blocks widl all accuracy of 0.1 [mlll]. 
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Figure 5 - Reml!; for beams wiill nanlfal adherence al ~OO ['(']. 
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The maxilllum shear stress was detemuned at 400 ['C] for all tests. Differences between force 
displacement behaviour resuirs for the fir;t two tested beams may be justified by the fact that in 
the first case both conerete blocks travel at dle same time, while in the second case, (beam 11) 
presents local failure in one block, followed by large conerele displacement. The third test 
followed measured force displacemem of the first lest with higher maxintum shear stress, see 
table 1. 

Table 1 -Ex erimenlal .-alues for bond stress at 400 ['Cl. 
TESTED BE."l,! WL'1MU;'{ ;'l"-"'ill.-[u"{ 

BeallllO 
Beam 11 
Beam 12 

FORCE [1'11 BOND STRESS [MP,] 
44141 
45-lS7 
71689 

0.293 
0302 
0.476 

The shape of this result agrees with t)pical bond characteristics for composite sections 
presented at room temperature, [4]. ntis shape also agrees wiill push-out tests recorded at room 
temperature, [5]. 

More results are being produced for partially encased beams, at eleyated temperature, using 
stirmps welded to the web steel profile. Different resuits are expected for bond stress and bond 
behaviour. 
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